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Detection of a Nucleic Acid Sequence or a Change Therein * 

Technical Field 

This invention relates to a method for detecting a specific 
polynucleotide sequence in a material, a method for detecting at least two 
different specific polynucleotide sequences in material having a plurality 
of different polynucleotide sequences, methods for detecting whether a 
specific nucleotide or base 1s at a particular position 1n a specific 
polynucleotide sequence, methods for detecting whether the same or 
different specific nucleotides or bases are at particular positions 1n at 
least two different specific polynucleotide sequences in material hiving a 
plurality of different polynucleotide sequences , a screening method" for 
detecting the presence of at least two different specific polynucfeotide 
sequences in material having a plurality of different polynucleotide 
sequences and screening methods for detecting whether the same or different 
specific nucleotides or bases are at particular positions in at least two 
different specific polynucleotide sequences in material havlhg a plurality 
of different polynucleotide sequences. 

Background Art 

At present, the most common technique for the detection of 
polynucleotide sequences is hybridisation using oligonucleotide or 
polynucleotide probes . For this technique, the target nucleic acid is 
usually bound, irreversibly, to a solid support such as cellulose or nylon. 
The labelled probe is then added in solution under hybridising conditions 
and if there Is sequence homology between the probe and the target nucleic 
acid, the probe will form a hybrid molecule with the target polynucleotide. 
This hybrid can be detected In a variety of ways such as by radi'olabel ling 
or blotln labelling. The disadvantages of this technique are, firstly, 
that 1t requires considerable operator expertise, secondly, the technique 
1s lengthy and time-consuming and thirdly, cannot be easily automated. 
Often the entire procedure can take more than 48 hours. 

The liquid-solid methods normally employed for detecting specific 
nucleic adds in samples Include Southern blot. Northern blot and" dot blot 
hybridisations. These methods are slow. Inefficient, technically demanding 
and are not easily automated. The Southern and Northern blot protocols 
have the further disadvantage of Inefficient transfer of nucleic add from 
gel to paper. Other groups have used liquid-solid hybridisations In which 
a capture probe is bound to a solid support and the DNA sequence of 
Interest 1n the sample becomes bound to- the capture probe. An example of 
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thls 1s 1n Australian Patent specification no. AU-701 52/87 which describes 
using at least two oligonucleotide probes, which are complementary to 
mutually exclusive regions of the same target nucleic add 1n a liquid 
hybridisation format to anneal the probes to the target, 1f it 1s present, 
and detecting the presence of the target by Immobilisation of the two-probe 
target sandwich by one of the probes and subsequent detection of the other 
probe. However, this method requires a second, detector probe to hybridise 
to the DNA sequence of Interest. This step reduces the specificity of-the 
assay and subsequently Increases background. The present Invention 
overcomes this problem by Involving only one probe which acts both as 
capture probe and as detector probe. 

In contrast to liquid - solid hybridisation, liquid-liquid 
hybridisation has very rapid kinetics and Improved sensitivity due to 
greater access of the probe to the target sequence. For example, 
Gene-Probe Inc uses a liquid hybridisation hydroxapatlte method to detect 
DNA sequences. The main disadvantage of this system 1s that 1t relies on 
adsorptlve discrimination of double-stranded DNA from single-stranded DNA 
sequences rather than sequence-specific separation of hybrid from excess 
probe. The present Invention overcomes these disadvantages by allowing the 
nucleic add hybridisations to occur In solution followed by the removal of 
the "hybrid" molecules onto a solid support matrix. Another potential 
advantage of liquid hybridisation 1s that a generalised solid support can 
work for a multitude of targets 1f the support - binding probes are 
labelled with the same capture molecule. 

Several cases exist (Australian Patent specification nos. 
AU-A-701 52/87, AU-A-26755/88, AU-A-531 05/86, AU-B-89575/82 and 
AU-A-80097/87) which use a combination of two oligonucleotide probes to 
detect specific nucleic acid sequences 1n a sample. All these require the 
use of two short sequences of DNA on the target. These sequences must both 
be conserved 1n all possible target, must be mutually exclusive and 
non-overlapping and must have a similar G+C ratio to enable both probes to 
hybridise to their complementary sequence under the same conditions. 

There Is related background art concerning the use of a capture probe 
to detect the nucleic add sequence of Interest and to remove It from 
solution by binding the hybrid to a solid support matrix (Australian Patent 
specification nos. AU-A-701 52/87, AU-A-531 05/86, AU-A-21 781/88, 
AU-A-69724/87, AU-A-1 4005/88). However, these techniques use separate 
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capture and detector probes, resulting 1n a number of disadvantages as 
detailed above. The present Invention overcomes these problems by using a 
single capture/detector probe system. 

There are many examples available of attaching non-radioactive 
reporter molecules to DNA, to enable the detection of specific hybrids. 
However, when biotin 1s Incorporated into the DNA molecule for detection, 
even though several biotin molecules may be Incorporated per" target 
molecule (thereby Increasing the sensitivity of detection) the raechartl sm of 
visualising the Incorporated biotin 1s complex and time consuming. 

By contrast, the Incorporation of other non-radioactive reporter 
molecules (such as fluorescent, luminescent, cheml luminescent mSlecules) 
enables rapid and simple detection of the target sequence. However, the 
present art only enables a single reporter moTelcule to be attadred to each 
target sequence. This fact reduces the overall sensitivity of the final 
assay. The present Invention overcomes both these problems at the one time 
by using a cheml luminescent detection system for simple, rapid detection 
and also by Incorporating several detector molecules Into each target, 
thereby significantly Increasing assay sensitivity". \ • 

There Is, therefore, a demand for a simple method which utilises the 
rapid kinetics of liquid hybridisation, which only requires a single probe 
for analysis, and which results 1n stable hybrids thereby alTbVfng the 
unhybrldlsed material to be easily removed| f rom the sequences to be c 
detected. Accordingly, the present Invention provides a liquid 
hybridisation system In which a single probe hybridises to the sequence of 
Interest and 1s then covalently extended to produce a stable "hybrid This 
hybrid 1s then captured on to a support raatrl* and subsequently'Jwashed to 
removed unhybrldlsed material. The system described by the present 
Invention Is simple, rapid, sensitive, can be read visually or on a simple 
plate reader, and may be readily automated. ~ ' 

In this area of nucleic add hybridisation there 1s a need tp detect 
two broad types of diseases: Infectious and genetic. Ill' relatloi.to 
infectious diseases, a number of DNA based systems have been TSetcrtfced to 
detect diseases caused by bacteria such as Salmonella, Neisseria/, parasitic 
organisms such as Chlamydia and Rickettsiae, viruses such as Jit'iMttffU B 
and protozoa such as Plasmodium. However, al'V of these suffer one or more 
of the disadvantages listed above. ,v 

In relation to genetic diseases which are characterised by a mutation 
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(deletlon, Insertion, point mutation or translocation), the technology is 
less well developed. These types of diseases are currently diagnosed 
either by using restriction fragment length polymorphism (RFLP) analysis or 
by precise hybridisation of short oligonucleotide probes. RFLP detection 
requires that a restriction enzyme site 1s altered by the mutation and this 
1s not always the case. In addition, RFLP analysis requires the use of 
Southern blot hybridisation for detection. The use of short oligonucleotide 
probes to detect point mutations also has several serious disadvantages. 
In particular, the hybridisation conditions must be precise to ensure that 
a single base-pair mismatch does not result In hybridisation. In practice, 
salt concentration and temperature determine the specificity of the 
hybridisation conditions and these are not easily controlled to the 
required predseness. The present Invention overcomes the need for 
Southern hybridisation analysis and for precise control of hybridisation 
conditions. It achieves this by the specific primer probe hybridising to a 
constant section of the gene adjacent to the mutation and allowing the 
enzyme, a DNA polymerase, to extend the DNA chain up to and including the 
nucleotide or base mutation. By manipulation of the dldeoxynucleotlde 
added to the polymerase reaction all of the possible nucleotide changes can 
be detected. 

Detection of both Infectious and genetic diseases requires the 
Incorporation of some type of labelled molecule Into the system. Various 
radioactive Isotopes or radioactivity labelled compounds may be used as 
labels. However, radioactive labels have several disadvantages. Including; 
(1) hazardous, (11) expensive, (111) United shelf life, (1v> require 
expensive equipment for measuring the signal generated. More recently, a 
range of nonradioactive substances have been used to detect DNA 
molecules. Examples of non-radioactive labels are fluorescent, 
luminescent, chemUuralnescent, enzymatic or Immunological compounds. 
Labels based on the affinity of Motln and avldln or streptavldln. 
lanthanlde chelates, lectins and proteins may also be used. The preferred 
detection means would be by spectroscopy or photochemistry or by the 
formation of a detectable complex between the label moiety and the 
polypeptide, lectin, or antibody linked to an entity capable of generating 
a detectable change, Including enzymes such as; alkaline phosphatase or 
horseradish peroxidase. 

However, what Is lackljig In ttfe current technology Is a single system 
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which encompasses: (1) a rapid means of detecting a polynucleotide 
sequence, (11) which Is sufficiently sensitive to detect low numbers of the 
target sequence In the sample and (111) which Is non-radioactive. At 
present, no single system satisfies all these requirements. 

As a final aspect, the need to detect specific polynucleotide 
sequences in a sample requires the organisation of all steps either; (1) 
into a simple kit format, or (11) Into an automated device.. Whereas both, 
kits and automated machines, are available for detecting proteins by way of 
antibodies, no systems are yet available which simply, rapidly and 
Inexpensively detect specific polynucleotide sequences In a sample. 

Oblects of Tnypnflon. 

It 1s an object of this Invention to provide a method for detecting a 
specific polynucleotide sequence in a material. 

Another object Is to provide a method for detecting at least two 
different specific polynucleotide sequences 1n material having a plurality 
of different polynucleotide sequences. 

A further object Is to provide methods, for detecting whether a 
specific nucleotide or base 1s at a particular position In a specific 
polynucleotide sequence. 

Yet another object Is to provide methods for detecting whether the 
same or different specific nucleotides or bases are. at particular positions 
1n at least two different specific polynucleotide sequences in material 
having a plurality of different polynucleotide sequences. 

A further object 1s to provide a screening method for detecting the 
presence of at least two different specific polynucleotide sequences. 1n 
material having a plurality of different polynucleotide sequences. 

Another object Is to provide screening methods for detecting whether 
the same or different specific nucleotides or bases are at particular, 
positions in at least two different specific polynucleotide sequences in 
material having a plurality of different polynucleotide sequences. 

Disclosure of Invention 
The following abbreviations and definitions apply throughout the 
specification and claims: 

sp - specific primer: a nucleotide sequence complementary* to a 

portion of the target sequence 
Target - the nucleotide sequence to be detected in the sample; can 

be derived. fron, for example, any infectious or parasitic 
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organlsm Including any virus, fungus, bacteria, 
mycoplasma, nematode, protozoan etc 

■ any ONA dependent DNA polymerase or RNA dependent DNA 
polymerase 

■ all four deoxyrlbonucleotldes that 1s dATP, dCTP, dGTP and 
dTTP as well as dITP and dUTP 

all four dl deoxyrlbonucleotldes that Is ddATP, ddCTP", 
ddGTP and ddTTP as well as ddlTP 
detector molecule: a molecule which can be covalently 
attached to a nucleotide or nucleotide sequence and that 
can be subsequently assayed for either directly or 
Indirectly. For example, blotln; radioisotopes of carbon, 
hydrogen, Iodine, phosphorus and sulphur; any antigen; 
haptens; fluorescent molecules Including fluorescein, 
rhodamlne and eosln; enzymes Including alkaline 
phosphates, peroxidases and ludferase; any monoclonal 
antibody 

a detector molecule covalently bound to one of the four 
deoxyr 1 bonucl eotl des 

capture molecule: a molecule which can be covalently 
attached to a nucleotide or nucleotide sequence and that 
will subsequently bind to a specific affinity molecule. 
For example, blotln (binds with avldln or streptavldin); 
antibody (binds with antigen); antigen (binds with 
antibody) 

specific affinity molecule: a molecule that will bind 
specifically with a particular capture molecule. For 
example, avldln or streptavldin; an antibody; an antigen 
solid support: any solid matrix to which the SAM 1s 
attached. For example, agarose; polyacryl amide; magnetic 
beads: polystyrene; mlcrotltre plates; nylon; 
nitrocellulose 

addition and removal of a solution for the .purpose of 
removing unreacted molecules 
conditions of salt and temperature which affect the 
stability of the hydrogen bonds between v two nucleic add 
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molecules. For example, the hydrogen bonds are most 
unstable at high stringency reflecting either *lgh 
temperature or low salt or both. 

any procedure that Is specific for detecting the detector 
molecule and that can be measured either qualitatively or 
quantitatively 

any one of the four deoxyrlbonucleotldes 
any one of the four ribonucleotides or 
deoxyrlbonucleotldes; In the example Y will form hydrogen 
bonds with X, 1e, a nucleotide sequence of n1ne.Y's will 
be complementary to a nucledtlde sequence of 9 X's 
any one of the four nucleotides forming a sequence not 
complementary to the sequence ' - 
dl deoxythym1d1ne-5'-tr1 phosphate : dUT has bden used 'as 
example as 1t base pairs with A In the target 'sequence. 
If the base to be detected was- C then ddG would be used, G 
with ddC and T with ddA. 

d1 deoxythyml dl ne-5 '-tr 1 phosphate/capture -molecule compl ex : 
ddT has been used as example as 1t base pairs with A In 
the target sequence. If the base to be detected 'was C 
then ddG would be used, G with ddC and T with ddA. The 
capture molecule 1s covalently attached to dxQLand 
represents any one of the capture molecules described 
above. 

means that there are no nucleotides or bases between a 
primer bound to part of a specific polynucleotide sequence 
and a specific nucleotide or base to be detected 
means at least a portion of a mixture, resulting: from the 
reaction of an oligonucleotide prlmerCsJ, extending 
reagents, specific polynucleotide sequehce(i) , detectable 
element(s) and/or separation elements 

means at least one nucleotide or base between a primer 
bound to part of a specific polynucleotide sequence and a 
specific nucleotide or base to be; detected 
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ollgonudeotlde 

primer - a single stranded nucleic add molecule with a typical 

length of 5 to 60 nucleotides but can be 200 or more 
nucleotides which has a sequence complementary to part of 
the polynucleotide sequence to be detected 

specific 

polynucleotide 

sequence - a partly or completely known sequence of nucleotides 
hybridisation - the physical association of the oligonucleotide primer 

with the complementary region of the target polynucleotide 
sequence to form a double stranded hybrid nucleic acid 
molecule 

An interfering detectable and/or separation element Is, for Instance, 
one which Is the same as that which Is Incorporated at the position 
complementary to the specific nucleotide or base to be detected, eg: 
Consider a single nucleotide or base N ] to be detected In a 
specific polynucleotide sequence S, . Assume there is a bound 
oligonucleotide primer P ] having a sequence complementary to part 
of S 1 and which Is bound to S,. Assume there are intervening 
nucleotides N A , N g and N c between P, and H y Extend p 
up to and Including N 1 with complementary nucleotides to N , 
N B , N c and H }t namely, N Q , N £ , and N 2 -S ] (S ] 
corresponding to a separation element) respectively; then the 
following conditions are required: 

N A N B or N C cannot oe N i 
Consider two nucleotides or bases N 1 and N 2 to be detected 1n two 
different specific polynucleotide sequences S } and S £ . Assume 
there are two different oligonucleotide primers P } and ? z (bound 
to S 1 and S 2 respectively) having sequence complementary to part 
of S ] and S 2 . 

Assume there are Intervening nucleotides N A , N g and N- between 
Pj and Nj and Intervening nucleotides N x , Ny and N z between P £ 
and N 2 . Extend (a) P, up to and Including H } with complementary 
nucleotides to N ft , N B , N c and M, , namely, N £ , N p and 
V°l <D i corresponding to a detectable element) respectively; and 
<b) P 2 up to and Including N 2 with complementary nucleotides to H Y , 
Ky. N z and N 2 , namely. Nq, Np. ^ and N 4 -0 2 (b 2 
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corresponding to another detectable element)- 
then the following conditions are required: ' 
If - N 2 and D } - D. 



then N A ) 
N B > 



t > cannot be N. 

N x > 1 

N y ) 
N z ) 

If N i doe s not equal N_ n n 

then N fl ) 2 1 " °2 

N B > 

N C > cannot be N. or N 
N x > 1 2 

N Y ) 
N z ) 

^ N ] does not equal N n . 

N } 2 D, does not equal D 2 

A 

N B * cannot be N. 



N x , 
"2 > 



> cannot be N 2 
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prlmer; and 

d) determining whether any extended primer 1s present In said fraction 
by assaying said fraction for said extended primer wherein the 
presence of said extended primer Is Indicative of the presence of the 
specific polynucleotide sequence In said. material and the absence of 
said extended primer In said fraction 1s Indicative of the absence of 
the specific polynucleotide sequence In said material. 
According to a second embodiment of this Invention there Is provided 

a method for detecting at least two different specific polynucleotide 

sequences 1n material having a plurality of different polynucleotide 

sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said- different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one of said different specific polynucleotide sequences when 
present in said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide pr1mer(s); 

b) extending said different oligonucleotide primers bound, to their 
different specific polynucleotide sequences wherein any extended 

primer Includes a detectable element and/or a separation element; 

i 

c) separating any extended primers Into at least one fraction wherein 
said fractlon(s) does not have detectable element not Included 1n 
said extended pr1mer(s); and 

d) determining whether any extended primers are present "in said 
fraction(s) by assaying said fractlon(s) for at least one of said 
extended primers wherein the presence of said extended pr1mer(s) 1s 
Indicative of the presence of at least one of the different specific 
polynucleotide sequences In said material and the absence of said 
extended pr1mer<s) 1n said fractlon(s) Is Indicative of the absence 
of at least one different specific polynucleotide sequence 1n said 
material. 

According to a third embodiment of this Invention there Is provided a 
method for detecting whether a specific nucleotide or base 1s at a 
particular position 1n a specific polynucleotide sequence Immaterial 
comprising: * < 
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a> exposing said material to an oligonucleotide primer having a sequence 
complementary to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specific polynucleotide sequence in 
said material Immediately adjacent to the particular position; 

b) extending primer bound to the specific polynucleotide .--seqteirice with 
the proviso that the bound primer 1s only extended up to and 
Including said specific nucleotide or base when saltf specif lc 
nucleotide or base Is at the particular position In the specific 
polynucleotide sequence wherein the extended prVmer has a detectable 
element and/or a separation element at a position complementary to 
said specific nucleotide or base; 

c) separating any extended primer Into a fraction wherein said fraction 
does not have detectable element not included In said extended 
primer; and j' 

d) determining whether any extended primer Is present 1n said fraction 
by assaying said fraction for said extended primer wherein the 
presence of said extended primer indicates that the specific 
nucleotide or base is at the particular position In the specific 
polynucleotide sequence and the absence of said extended primer 
Indicates that the specific nucleotide or base 1s not at the 
particular position 1n the specific polynucleotide sequence'. 
Accord1ng|to a fourth embodiment of this Invention there is provided 

a method for detecting whether the same or different specific nucleotides 
or bases are at particular positions 1n at least two different specif 1c 
polynucleotide sequences In material having a plurality of different 
polynucleotide sequences comprising: 4 V p 

a> exposing said material to at least two different oTigtyucleotlde 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers Binds to Its 
complementary polynucleotide sequence when present Iff said material 
each of said oligonucleotide primers binding to part of a'dtfferent 
specific polynucleotide sequence to that of the other prlmer(s) and 
wherein each of said primers binds .to Its complementary specific 
polynucleotide sequence In said material Immediately adjacent to the 
particular position; 
b) extending said different oligonucleotide -primers bdunjl "to their 
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complementary polynucleotide sequences with the proviso that each of 
the bound primers is only extended up to and Including the particular 
position when said specific nucleotide or base is at the particular 
position 1n the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a separation element 
at a position complementary to said specific nucleotide or base; 

c) separating any extended pr1mer(s) which has extended only up to a 
specific nucleotide or base at a particular position Into at least 
one fraction wherein said fraction does not have detectable element 
not Included 1n said extended primer; and 

d) determining whether at least one extended primer 1s present In said 
fractlon(s) by assaying said fractlon(s) for said extended primer(s) 
wherein the presence of an extended primer Indicates that a specific 
nucleotide or base 1s at a particular position 1n a specific 
polynucleotide sequence and the absence of said extended pr1mer(s) In 
a fractlon(s) Indicates that at least one specific nucleotide or base 
is not at a particular position 1n at least one different specific 
polynucleotide sequence. 

According to a fifth embodiment of this Invention there 1s provided a 
method for detecting whether a specific nucleotide or base 1s at a 
particular position In a specific polynucleotide sequence In material 
comprising: 

a) exposing said material to an oligonucleotide primer having a sequence 
complementary to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specific polynucleotide sequence 1n 
said material not Immediately adjacent to the particular position 
whereby there 1s an Intervening sequence between the particular 
position and primer bound to the specific polynucleotide sequence; 

b) extending bound primer with the proviso that the bound primer is only 
extended up to and including said specific nucleotide or base when 
said specific nucleotide or base 1s at the particular position 1n the 
specific polynucleotide sequence wherein the extended primer has a 
detectable element and/or a separation element at a position 
complementary to said specific nucleotide or base with the proviso 
that the Intervening sequence cannot be one where bases or 
nucleotides complementary to the Intervening sequence and which are 
Incorporated Into the .extended primer cause Incorporation of an 
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Interferlng detectable and/or separation element; 

O separating any extended primer which has extended only up to a 

specific nucleotide or base at a particular position intq a fraction 
wherein said fraction does not have detectable element not included 
In said extended primer; and 

d) determining whether any extended primer is present In sard fraction 

by assaying said fraction for said extended primer wheretn the 

presence of said extended primer indicates that the specific 

nucleotide or base Is at the particular position In the. specific 

polynucleotide sequence and the absence of said extend primer 

indicates that the specific nucleotide or base 1s not at the 

particular position In the specific polynucleotide sequence 

According to a sixth embodiment of this Invention there is provided a 
to, for etect1ng whether thfi same ^ -1fffrtn 

ba es are at particular positions In at least two different specific 
PO ynucleotlde sequences In material having a plurality of different 
polynucleotide sequences comprising: 

*> exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence not Mediately accent to the 
articular position whereby there Is an Intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present In said material each of said 
oligonucleotide primers binding to part of a different specific 
polynucleotide sequence to that of the other prtmerCs>- 
extending said different oligonucleotide primers bound tcf their 
complementary polynucleotide sequences wherein each of the bound 
primers 1s only extended up to and Including the particular portion 
when said specific nucleotide or base 1s at the particular position 
in the specific nucleotide sequence wherein each of said extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base with the 
proviso that the intervening sequences cannot be ones where bases or 
nucleotides complementary to the .Intervening sequences arrd*h1ch are 
Incorporated into the extended primer(s), cause Incorporate^ of 
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Interferlng detectable and/or separation e1ement<s); 

c> separating any extended primer which has extended only up to a 

specific nucleotide or base at a particular position Into at least *- 

one fraction wherein said fractlon(s) does not have detectable 

element not Included In said extended primers; and > 

d) determining whether any extended primers are present In said 

fractlon(s) by assaying said fractlon(s) for said extended pr1mer(s) 
wherein the presence of an extended pr1mer(s) Indicates that at Jeast 
one specific nucleotide or base 1s at a particular position in a 
specific polynucleotide sequence and the absence of said extended 
pr1mer(s) In a fraction Indicates that at least one specific 
nucleotide or base 1s not at a particular position In at least one 
different specific polynucleotide sequence. 

According to a seventh embodiment of this Invention there 1s provided 
a kit for detecting a specific polynucleotide sequence In a material 
comprising: 

a) an oligonucleotide primer having a sequence complementary to part of 
said specific polynucleotide sequence; 

b) polymerase enzyme for extended the oligonucleotide primer; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP t dGTP f dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP, ddlTP and ddTTP; 
and 

d) a detectable element and/or separation element which 1s optionally 
attached to the oligonucleotide primer or one or more of the 
nucleotides. 

According to an eighth embodiment of this Invention there 1s provided 
a kit for detecting at least two different specific polynucleotide 
sequences In a material having a plurality of different polynucleotide 
sequences comprising: 

a) at least two different oligonucleotide primers each of said primers 
having a sequence complementary to part of one of said specific 
polynucleotide sequences; 

b> a polymerase enzytne(s) for extended the different oligonucleotide 
primers; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP, dUTP, dITP, ddATP t ddCTP, ddGTP, ddlTP and ddTTP; 
and 
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d) a detectable element and/or separation element which .1$ optionally 
attached to the oligonucleotide primers or one or more of the 
nucleotides. 

According to a ninth embodiment of this Invention there Is provided a 
kit for detecting whether a specific nucleotide or base Is a^* particular 
position 1n a specific polynucleotide sequence In a material comprising: 

a) an oligonucleotide primer having a sequence complementary to part of 
the specific polynucleotide sequence wherein said, primer binds to 
part of said specific polynucleotide sequence immediately adjacent to 
the particular position; . 

b) a polymerase enzyme for extended the oligonucleotide, primer; 

O one nucleotide selected from the group conslstlag of dATP^ d£TP, 

dGTP, dTTP, dUTP, dITP, ddXTP, ddATP, ddCTP, ddGTP andaWTTTP with the 
proviso that said nucleotide Is selected whereby bound pr finer 1 S only 
extended up to and Including said specific nucleotidas es*- *hen 
said specific nucleotide or base Is at the particular position in the 
specific polynucleotide sequence; and /. 
d> a detectable element and/or separation element, whereby extended 
primer has a detectable element and/or a separation- element at a 
position complementary to said specific nucleotide or base, .and a 
detectable and/or separation element optionally attached to the' 
oligonucleotide primer. ; ( 

According to a tenth embodiment of this Invention there K provided a 
kit for detecting whether the same or different specific nucleotides ca- 
bases are at particular positions In at least two different specific 
polynucleotide sequences In material having a plurality of -different 
polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers each of sal* primers 
having a sequence complementary to part of one of said specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence when present in sat$«iater1al 
each of said oligonucleotide primers hlnding to part of a different 
specific polynucleotide sequence to that of the other primer(s) and 
wherein each of said primers binds to its complementary specific 
polynucleotide sequence 1n said material immediately adjacent to the 
particular position; ....... 

b> a polymerase enzyme(s) for emending the different oligonucleotide 
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primers; 

c> at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP , dUTP , dITP, ddlTP, ddATP, ddCTP, ddGTP and ddTTP 
with the proviso that said nucleotide Is selected whereby bound 
primer Is only extended up to and Including said specific nucleotide 
or base when said specific nucleotide or base Is at the particular 
position 1n the specific polynucleotide sequence; and 

d> at least one detectable element and/or separation element whereby 
each extended primer has a detectable element and/or a separation 
element at a position complementary to said specific nucleotide or 
base and a detectable and/or separation element optionally attached 
to the oligonucleotide primer. 

According to an eleventh embodiment of this Invention there Is 
provided a kit for detecting whether a specific nucleotide or base is at a 
particular position In a specific polynucleotide sequence in a material 
comprising: 

a) an oligonucleotide primer having a sequence complementary to part of 
the specific polynucleotide sequence wherein said primer binds to 
part of said specific polynucleotide sequence not Immediately 
adjacent to the particular position whereby there 1s an intervening 
sequence between the particular position and primer bound to the 
pedHc polynucleotide sequence; 

b) a polymerase enzyme for extended the oligonucleotide primer; 

c) one nucleotide selected from the group consisting of dATP, dCTP, 
dGTP f dTTP, dUTP, dITP, ddlTP, ddATP, ddCTP, ddGTP and ddTTP with the 
provision that said nucleotide Is selected whereby bound primer 1s 
only extended up to and including said specific nucleotide or base 
when said specific nucleotide or base 1s at the particular position 
In the specific polynucleotide sequence with the proviso that the 
Intervening sequence cannot be one where bases or nucleotides 
complementary to the Intervening sequence and which are incorporated 
Into the extended primer cause Incorporation of an Interfering 
detectable and/or separation element; and 

d) a detectable element and/or separation element whereby extended 
primer has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base and a 
detectable and/or separation element optional lyjrttached to the 
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ol Igonucleotlde primer. 

According to a twelfth embodiment of this Invention there Is provided 
a kit for detecting whether the same or different specific nucleotides or 
bases are at particular positions In at least two different specific 
polynucleotide sequences 1n material having a plurality of different 
polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers each- of said primers 
having a sequence complementary to part of one of said specific 
polynucleotide sequences wherein each of said primers blrufs to its 
complementary polynucleotide sequence when present In said material 
each of said oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to that of the other prlraer(s) and 
wherein each of said primers binds to Its complementary specific 
polynucleotide sequence In said material not Immediately accent to 
the particular position whereby there 1s an Intervening sequence 
between the particular position and primer bound to the specific 
polynucleotide sequence; 

b) a polymerase enzyme(s) for extending the different oligonucleotide 
primers; 

O at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP, dUTP, dITP, ddlTP. ddATP, ddCTP, ddGTP and ddTTp' 
with the proviso that said nucleotide 1s selected whereby : bound 
primer 1s only extended up to and including said specific nucleotide 
or base when said specific nucleotide or base is at the particular 
position In the specific polynucleotide sequence with the" proviso 
that the intervening sequences cannot be ones where -bases or 
nucleotides complementary to the Intervening sequences and which are 
incorporated Into the extended primer(s) cause Incorporation of an 
Interfering detectable and/or separation element(s); artd 

d> at least one detectable element and/or separation element thereby 
each extended primer has a detectable element and/or a separation 
element at a position complementary to said specific nucleotide or 
base and a detectable and/or separation element optionally attached 
to the oligonucleotide primer. 

According to a thirteenth embodiment of this Invention there Is 
provided an apparatus for performing the method of any one of tfie 
embodiments of the invention comprising: 



WO 90/09455 



PCT/AU90/00058 ; 



-18- 

a reactor; 

means for adding oligonucleotide primer and reagents for extending 
said primer to said reactor, said means for adding being operatlvely 
associated with the reactor; 

means for separating extended primer Into at least one fractlon(s) 
and for holding said fractlon(s), said means for separating being 
operatlvely associated with the reactor; and 
a detector for detecting the presence of any extended prlmer(s) Jn 
said fractlon(s), said detector being operatlvely associated with 
said means for separating. 

According to a fourteenth embodiment of this Invention there is 
provided a screening method for detecting the presence of at least two 
different specific polynucleotide sequences In material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one of said different specific polynucleotide sequences when 
present In said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide pr1mer(s); 

b) extending said different oligonucleotide primers bound to their 
different specific polynucleotide sequences wherein any extended 
primer includes a detectable element and/or a separation element; 

c) separating any extended primers into a fraction wherein said fraction 
does not have detectable element not included in said extended 
primer(s); and 

d) determining whether any extended primers are present 1n said fraction 
by assaying said. fraction for all of said extended primers wherein 
the presence of any one of said extended primers is Indicative of the 
present of at least one of the different specific polynucleotide 
sequences 1n said material and the absence of all of said extended 
pr1mer(s) in said fraction 1s indicative c? the absence of all of the 
different specific polynucleotide sequences in said material. 
According to a fifteenth embodiment of this invention there 1s 

provided a screening method- for detecting whether the., same or different 
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specific nucleotides or bases are at particular positions 1n at least two 
different specific polynucleotide sequences In material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to 'Its 
complementary polynucleotide sequence when present In said material 
each of said oligonucleotide primers binding to part" of -a different 
specific polynucleotide sequence to that of the other £>r1mer(s) and 
wherein each of said primers binds to Its complementary specific 
polynucleotide sequence in said material Immediately adjacent to the 
particular position; ' ' 

b) extending said different oligonucleotide primers bound totheir 
complementary polynucleotide sequences with She proviso that each of 
the bound primers Is only extended up to and including thp- particular 
position when said specific nucleotide or base is at the particular 
position in the specific nucleotide sequence where In "'each of said 
extended primers has a detectable element and/or a separation element 
at a position complementary to said specific nucleotide or base; 

c) separating any extended pr1mer(s) which has extended only* up to a 
specific nucleotide or base at a particular position Vnto'a fraction 
wherein said fraction does not have detectable element not Included 
1n said extended primer; and 

d) determining whether at least one extended primer 1s present In said 
fraction by assaying said fraction for all tff said extended primers 
wherein the present of an extended primer "indicates that at least one 
specific nucleotide or base 1s at a particular posltVon 1n a specific 
polynucleotide sequence and the absence of all said extended .primers 
In said fraction Indicates that at least one specific nucleotide or 
base 1s not at a particular position 1n any of the different specific 
polynucleotide sequences. 

According to a sixteenth embodiment of this Invention there 1s 
provided a screening method for detecting whether the same or different 
specific nucleotides or bases are at particular positions 1n at. feast two 
different specific polynucleotide sequences In material having a plurality 
of different polynucleotide sequences comprising: 
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a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence not Immediately adjacent to the 
particular position whereby there 1s an Intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present In said material each of said 
oligonucleotide primers binding to part of a different specific 

- polynucleotide sequence to that of the other pr1mer(s); 

b) extending said different oligonucleotide primers bound to their 
complementary polynucleotide sequences wherein each of the bound 
primers 1s only extended up to and Including the particular position 
when said specific nucleotide or base 1s at the particular position 
1n the specific nucleotide sequence wherein each of said extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base with the 
proviso that the Intervening sequences cannot be ones where bases or 
nucleotides complementary to the Intervening sequences and which are 
Incorporated Into the extended prlmer(s) cause Incorporation of 
Interfering detectable and/or separation element(s); 

c) separating any extended primer which has extended only up to a| 
specific nucleotide or base at a particular position into a fraction 
wherein said fraction does not have detectable element not Included 
1n said extended primers; and 

d) " determining whether any extended primers are present "1n said fraction 

by assaying said fraction for all of said extended primers wherein 
the presence of an extended primer Indicates that at least one 
specific nucleotide or base 1s at a particular position 1n a specific 
polynucleotide sequence and the absence of any extended primer 
Indicates that a specific nucleotide or base 1s not at a particular 
position 1n any of the different specific polynucleotide sequences. 
Generally the method for the detection of a nucleotide sequence or 
nucleotide change 1n a nucleotide sequence uses: 

a nucleic add primer specific to part of a partly or wholly known 
nucleotide sequence to be detected or specific to part of a partly or 
wholly known nucleotide sequence which Is'immedlately adjacent to the 
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nucleotlde or base change to be detected or specific to part of a 
partly or wholly known nucleotide sequence which 1s not Immediately 
adjacent to the nucleotide or base change to be detected but has an 
Intervening sequence between the bound primer and the nucleotide or 
base change to be detected 

extension of the primer catalysed by a nucleic acid polymerase enzyme 
either (1) the attachment of a capture molecule at the 5' end of the 
specific primer, addition of the target sequence under hybridisation 
conditions and the Incorporation of a detector molecule(s) tn the 
enzyme catalysed extended primer or (11) the attachment of a detector 
molecule at the 5* end of the specific primer, addition of the target 
sequence under hybridisation conditions and the incorporatipn of a 
capture molecule(s) In the enzyme catalysed extended primer 
capture of the .extended primer using a specific affinity molecule 
attached to a solid support 
assay for the detector molecule 

Advantageously, for the first, second, seventh and eighth embodiments 
extending the primer comprises using at least one nucleotide seTected from 
the group consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, 
ddGTP, ddlTP and ddTTP. Typically two to four different nucleotides, and 
especially four different nucleotides are used. 

Generally, for ^the third, fifth, ninth and eleventh embodiments 
extending the primer comprises using one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP; ddGTP, 
ddlTP and ddTTP. Typically one nucleotide selected from the group 
consisting of ddATP, ddCTP, ddGTP, ddlTP and ddTTP 1s used. 

Typically, for the fourth, sixth, tenth and twelfth embodiments 
extending the primer comprises using at least one nucleotide selected from 
the group consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, ddCTP, 
ddGTP, ddlTP and ddTTP. Glenerally at least one nucleotide selected from 
the group consisting of ddATP, ddCTP, ddGTP, ddlTP and ddTTP 1s utfed. 

In addition to a nucleotlde(s) also typically used In extending the 
primer are at least one appropriate polymerase enzyme and appropriate 
buffering agent. 

Examples of polymerase enzymes are E*col1 DNA polymerase, E. coll DNA 
polymerase (Klenow fragment). Bacteriophage T7 DNA polymerase, 
Bacteriophage T4 DNA polymerase, Jaq DNA polymerase and AMV Reverse 
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transcrlptase. 

Buffering agents which buffer aqueous solutions between pH 6 - 8.5 
are generally suitable for use with a polymerase enzyme to extend the 
primer. Generally a magnesium salt (eg MgCl 2 or MgS0 4 ) Is Included 
with the buffering agent. A total salt concentration between 50 and 300 mM 
Is generally acceptable. 

Temperature of the extending reaction 1s chosen according to the 
polymerase en2yme used and 1s typically In the range 25-80*C, more 
typically 30-70*C. 

It Is preferred that at least one of the nucleotides has the 
detectable element. 

Alternatively, or In addition, the detectable element 1s linked to 
the oligonucleotide primer.. 

Typically, the detectable element 1s a radioactive label selected 
from the group consisting of 3 H, 12S I, 131 I, 14 C. 35 S and 32 P. 

The detectable element may be non- radioactive and generally Is 
selected from the group consisting of an enzymatic group, an immunological 
group, and a spectroscoplcal ly detectable group. The spectroscoplcal ly 
detectable group may be a luminescent group, a cheml luminescent group, an 
NMR detectable group, a fluorescent group or an 1R detectable group. 

Advantageously, the extended primer Includes a separation element 
which facilitates the separation of the extended primer Into the first 
fraction. 

Generally, the specific polynucleotide sequence 1s a ONA sequence or 
an RNA sequence. 

The specific polynucleotide sequence may be from an 1'nfectlous or 
disease causing organism which may be live or non-v1able viral, bacterial, 
fungal or Protozoan. 

The extending may Include: 

adding a plurality of nucleotide types to said primer bound to the 
polynucleotide sequence to extend said primer; or 

adding a single nucleotide type to said primer bound to the 
polynucleotide sequence to extend said primer (third, fifth, ninth and 
eleventh embodiments); or 

adding at least one single nucleotide type to said primer bound to 
the polynucleotide sequence to extend said primer. 

In one particular method of the invention the exposure and primer 
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extension steps occur before the separation step. 

In one form of this Invention, the separation element Is linked to 
the oligonucleotide primer. Alternatively, the extended primer; Includes a 
separation element which facilitates separation of extended primer from the 
mixture Into the first fraction and wherein at least one of sa1ct v 
nucleotides has the separation element, 

In one form of the Invention, the separation step comprises: 

contacting any extended primer with a molecule having affinity for 
the separation element, the molecule being linked to a support that 
facilitates the separating; and separating the contacted extended' prlmer(s) 
to provide the fraction. • • ■ 

Advantageously, the separation element and the molecule are selected 
from the group listed Immediately below: * v \ 

Separation Element Molecule H aving Affinity for Separation Element 

(a) a llgand for which a receptor for the llgand; ^ ' 
there Is a 

receptor; 

(b) a receptor; 

(c) an antigen; 

(d) an antibody for 
an antigen; 

(e) an antl Idiotypic 
antibody; 

<f> an antibody for an 
antl Idiotypic antibody; 
(g) a hapten 1c group; 
<h) an antibody for 
a haptenlc group; 
(1) an enzyme; 
<3> a binding 

Inhibitor for an enzyme; . . ' +1- 

Typically, the separation element and the molecule are selected from 
the group listed below: * * • 



the llgand for the receptor; 

an antibody for the antigen; <. 

the antigen; 

an antibody for thej antttdlotyplc 
antibody; . : * 

an antl Idiotypic antibody for the-/* 
antibody; 

an antibody for the. hapten! c- group; 
the haptenlc group; 

a binding Inhibitor for the enzyme; v a*d 
the enzyme. 
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Molecule Having Affinity for Spm™^ Hpm r nt 
a specific receptor for the llgand; 



the llgand for the specific receptor; 
a specific antibody for the antigen; 
the antigen; 

an antibody specific for the antl Idlotypl c 
antibody; 

an antl Idiotypic antibody specific for the 
antibody; 

a specific antibody for the hapten 1c group; 
the hapten 1c group; 

a tight binding Inhibitor for the enzyme; and 
the enzyme. 



Separation Element 

(a) a llgand for which 
there Is a specific 
receptor; 

(b) a specific receptor; 

(c) an antigen; 

(d) a specific antibody for 
an antigen; 

(e) an antl Idiotypic 
antibody; 

Cf) an antibody for an 
antiidiotype antibody; 

(g) a hapten 1c group; 

(h) a specific antibody for 
a haptenlc group; 
(1) an enzyme; 
(j) a tight binding 
inhibitor for an enzyme; 

Typical examples of llgands for which there are available receptors 

are: 

a vitamin such as b1ot1n, a sugar molecule such as glucose or 
mannose, a hormone such as adrenalin or cortisone and a steroid such 
as progesterone or testosterone. There are numerous types of llgands 
which have available receptors and the preceding 11st Is given by way 
of exemplification only. 

The separation typically Includes a solid support which 1s typically 
selected from the group consisting of latex, magnetic beads, 
nitrocellulose, agarose, cellulose, polyacryl amide, nylon, glass and 
polystyrene. 

Advantages 

A particular advantage of the method of the Invention 1s that the 
system combines separation and detection elements on the one 
oligonucleotide after primer extension. Most other systems require the use 
of a capture probe and a detector probe. 

A further advantage Is that the system depends on the enzyme driven 
extension of the primer to Vncorporate a separation or, detection element or 
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eUments (depending on configuration, and the the .I-* or 
therefore cogently attached to the specific pH«*r. "cause of h s 
client attachment, washing steps can be performed at very h, 9 h stringency 
which results In reduced background and Increased specificity. 

Another advantage Is that the method of the Invention can be .easily 

automated. . . 

in the method of the invention the steps can be incorporated Into a 

simple kit format. ' ' 

A further advantage Is that an oligonucleotide primer having a 
sequence commentary to a conserved or variable region of the genome o 
the organism of Interest can be used and thus can be designed for high o 

specificity <».e.. genus specific, species specific or strain spe c). 
. rapid and sensitive method for the detection of specific polynucleot, e 
sequences or nucleotide changes in specific polynucleotide sequences using 

a single oligonucleotide probe. 

Generally in the method of the Invention the detectable hybrid 1s 
captured by a solid matrix to allow washing away of unincorporated 
detectable element. While this 1s not a difficult step It does add to the 
time required for processing. The step can be overcome by choosing a 
detectable element whereby any unincorporated detectable element can be 
simple inactivated and left 1n the reaction mix, rather thaH having to be 

physically removed. 3 ,.14 

Generally, a detection sensitivity In the order of 10 - 10 
genome copies Is quite adequate for detecting a wide range of virus 
bacterial and parasitic organisms which are usually present In morferat to 
high numbers 1. their respective disease states. For defect «<"«« " 
rtlch the infectious agent Is present only In very low numbers ••«•"" 
the method of the Invention can make use of the technique of polymerisation 
chain reaction (PCR> which Is effectively an amplification step which 
results in an Increase In sensitivity. 

1 Tnf.rtmus pi m.nnmts Advantages 

The method of the Invention permits the rapid, simple and • 
non-hazardous detection of specific polynucleotide sequences 1. , sampl es of 
ologlcal material especially Infectious agents. The detectable sequence 
m , be part of an Infectious onanism such as a virus, bacter urn. Protean 
or fungus, or part of a ,en. 1n which an abnormality results In .genetic 
disorder: for e*ample, sIcKle-cell-anemta. cystic fibrosis. 
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^thalassemia or ^-thalassemia. ~ 26 ~ 

Non-viable organisms can be detected usinn ^ 
Invention. veered using the method of the 

<* ««.«». a broad ran 9 e of d.«a S e t s e 0 " 

*l-ordU. streptococcus. Ieglo „ em RS v, *" Pne ™°'" a; »>W™. 

'"stance the genetic change Z t0 b V P ° ,ynUCUot,de i„ thls 

sequence level. ' *° 6e knom and ""racterlsed at tne m 

- -o c : , ::°ie a a ;:::; ;: r base — - - 

-Ceot.de changes \ hs ° '"T ? ,e «* «<".!. <or 

-«c leases s.chVJ b rt "T'' ,mP ° rtlnt *>' 
differentiation of alleles no „ * a ' ! ° be adJ " t « to tne 

« «- for ONA prof,,,^ ^ """"'^ *ene e xpre ss ,o„ such 

p- t si\\;~ f :::: ::; t :r ,nvo,ve . 

O^er systems, such as Z hern 1 Tk"* " "°* teC, "" Ca "> *-»* • 
Polyn„c,eot,de ,„ .„ e u „L ' hybr,d, " t,0n - ^« that the target 
and/or the us J * ? S °" d SU| *'° rt <t«hn.ca„, ' 

conditio l s :;:;:r:r p r s thit ^ • 

««n, adapted to IlrJe sca^c™* Md ' re "* 

^ferred .^^"^rf" 21 ^^ 

refere ;« * * «cr-ii ns" n<w descr,bed - ,th 

Myn^de ll q llT"' " * ^ f ° r * *P«.f.c 

po.yn U ci^; u : n :r:^v;:^' f a r* - for 

extended portion of an ntt ^ ^ .^r^* »*» to the; 
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Flgure 3a is a schematic drawing of a method for detecting a 
nucleotide or base change using a separation element which links to the 
oligonucleotide primer portion of an extended primer; , :.' 

Figure 3b 1 s a schematic drawing of a method for detecting a 
nucleotide or base change using a separation element which links' to- tine 
extended portion of an extended primer; 

Figure 3c 1s a schematic drawing of a method for detecting a 
nucleotide or base change using a detectable element linked to the extended 
portion of an extended primer; * " 

Figure 4 shows an autoradlograph used to verify the size of the 
extended oligonucleotide produced In the third example of thi,. Invention; and 

Figure 5 Is a schematic depiction of an apparatus for performing any 
one of the methods of the Invention. .s 
Pest Mode and Other Modps of carryin g otrt.thP inventio n 

There are four especially preferred applications of "the -methods* of 
the Invention, that is. (1) the detection of a specific nucleotide 'sequence 
(major application: Infectious diseases) (11) the detection of a" nucleotide 
or base change (major applications: genetic diseases and ONA 
fingerprinting) (111) the detection of multiple specific nucleotide 
sequences using different capture molecules (major application: multiple 
Infectious diseases) and <1v) detection of multiple nucleotide or base 
changes In different polynucleotide sequences (major applications: multiple 
genetic diseases and DNA fingerprinting). A single apparatus -(with minor 
modifications) 1s suitable for use with all applications. 
!■ — Detection of a snpHflc nnrlpotl de senupnep 

Referring to Figure 1, a method for detecting a specific 
polynucleotide sequence first Involves the synthesis of-aft.oTrgQmicleotide 
primer complementary to the target polynucleotide sequence. :fhV#>t1raum 
length of the primer depends on the length of the most conserved' sequence 
1n the polynucleotide sequence to be detected up to * maximum length of 30 
nucleotides. • . ., - 

The specific primer is preferably attached to an inert solid support, 
using the method of Ashley and MacDonald (1984). Ai^/ Inert suppbrt 
particle to which small DNA molecules can be attached can be used, for 
instance cellulose or nylon. The polynucleotide sequence to be detected 1s 
added to the support - specific primer conjugate in the presence of a. 
solution that promotes rapid hybridisation befcW the specific primer and 
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the polynucleotide sequence. One appropriate solution contains 0J5M 
sodium chloride, 0.015M sodium citrate and At polyethylene glycol 6000. 
The support is then washed- 

The choice of washing buffer determines the stringency conditions. A 
standard buffer Is 140mM sodium chloride, 15mH sodium citrate and 20mM 
sodium phosphate, pH 7.0. m 

The specific primer Is extended using either DNA polymerase I (Klenow 

fragment) or reverse transcriptase In the presence of the four 

deoxyrlbonucleotldes, one of which Is labelled, radloactl vely . with blotin 

or with a fluorescent label. The length of extension depends upon the time 

and temperature of the extension reaction providing all chemicals are In 

non-1 1m1t1ng concentration. 

Generally the reaction 1s carried out at 37*C for 30 minutes and the 
32 

label 1s P. The level of Incorporation of labelled nucleotide Into 

the extended primer 1s measured by liquid scintillation when the label is 

32 p. 

Alternatively the label can be a fluorescent label. 

Following primer extension the mixture Is washed and assayed for 
presence of the label . 

The presence of label after the final wash Indicates that the primer 
has been extended, and that, therefore, the nucleic add whose presence 1s 
being assayed is present. The snedflc primer can only be extended using 
the nucleic add to which 1t Is complementary as template. 

In summary this method Involves the following steps: 

the synthesis of a specific primer complementary to part of a known 

or partly known nucleic add sequence, the target. 

the attachment of a capture (Configuration A - Figure 2a) or detector 

(Configuration B - Figure 2b) molecule to the 5' end of the specific 

primer 

the hybridisation. In solution, of this specific primer to the target 
nucleic add sequence 

the addition to the solution of the four deoxyrlbonucleotldes and 
either a DMA dependent DNA polymerase (If the target 1s DNA) or a RNA 
dependent DNA polymerase (1f the target 1s RNA) under conditions 
suitable for the enzymatic extension of the specific primer. One or 
more of the deoxyrlbonucleotldes has covalently attached to It a 
detector molecule (Configuration A) or a capture molecule 



WU ¥0/0*433 



PCl/AtyO/0OU58 



-29- 

(Conf1gurat1on B) 

the polymerase enzyme extends the primer using the target nucleic 
add as a template and simultaneously Incorporates either a detector 
or a capture molecule into the extended primer 
the reaction can be heat denatured and the cycle, repeated .to amplify 
the amount of extended specific primer 

for Configuration A, the specific affinity molecule (attached to a 
solid support) Is added to the solution under conditions conducive to 
the binding of the capture molecule to the specific affinity molecule 
for Configuration B, the extended specific primer 1s precipitated 
with ethanol, washed to remove unincorporated deoxyrlbonucleotlde- 
capture molecule complex. After washing, the extended specific 
primer 1s resuspended- 1n a solution conducive to the binding of the 
capture molecule to the specific affinity molecule. The specific 
affinity molecule (attached to a solid support) 1s then added 
once the extended specific primer 1s attached to the specific 
affinity molecule-solid support complex via the capture molecule, the 
mix Is washed extensively under high stringency conditions 
at the conclusion of the washing step, the mix 1s assayed using a 
procedure appropriate for detecting the detector molecule 

2. Detection of a nucleotide or base change 

This method Involves the following strps: 

the synthesis of a specific primer complementary to part of a known 
or partly known nucleic add sequence, the target. The specific 
primer sequence 1s complementary to the target sequence either 
Immediately adjacent to but not including the single nucleotide or 
base to be detected or not Immediately adjacent to the single 
nucleotide or base to be detected but having an Intervening sequence 
between the bound primer and the nucleotide or base to "be detected 
the attachment of a capture (Configuration A - Figure 3a) or detector 
(Configuration B - Figure 3b) molecule to the 5' end of the specific 
primer. For Configuration C (Figure 3c), neither a capture or 
detector molecule are attached to the specif fc^prfner at the 5' end 
the hybridisation, 1n solution, of this specific primer ,io the target 
nucleic add sequence 

the addition to the solution of only one type of dldedjcyrtbo- 
nucleotlde (or deoxyribonucleotlde) , that- .ft, the one which can pair 
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or hydrogen bond with the base or nucleotide to be detected In the 
target sequence and either a DNA dependent DNA polymerase (1f the 
target is DNA) or a RNA dependent DNA polymerase (If the target Is 
RNA) under conditions suitable for the enzymatic extension of the 
specific primer. The d1deoxyr1bonudeot.1de (or deoxyrlbo- 
nucleotlde) has covalently attached to It a detector molecule 
(Configuration A and C) or a capture molecule (Configuration B) 
the polymerase enzyme extends the primer using the target nucleic 
add as a template adding only one molecule of the dldeoxyrlbo- 
nucleotide (or deoxyrlbonucleotlde) If base pairing Is possible. The 
specific primer Is not extended If base pairing between the 
dldeoxyrlbonucleotlde (or deoxyrlbonucleotlde) and the target 
sequence Is not possible. A detector (Configuration A and C) or a 
capture (Configuration B) molecule 

the reaction can be heat denatured and the cycle repeated to amplify 
the amount of extended specific primer 

for Configuration A, the specific affinity molecule (attached to a 
solid support) is added to the solution under conditions conducive to 
the binding of the capture molecule to the specific affinity molecule 
for Configuration B. the extended specific primer is precipitated 
with ethanol, washed to remove unincorporated dldeoxyrlbon- 
nucleotl de-capture molecule complex (or deoxyrlbonucleotlde-capture 
molecule complex). After washing, the extended specific primer 1s 
resuspended In a solution conducive to the binding of the capture 
molecule to the specific affinity molecule. The specific affinity 
molecule (attached to a solid support) 1s then added" 
for Configurations A and B, once the extended specific primer 1s 
attached to the specific affinity molecule-solid support the complex 
via the capture molecule, the mix 1s washed extensively under high 
stringency conditions 

for Configuration A and B, at the conclusion of the washing step, the 
mix 1s assayed using a procedure appropriate for detecting the 
detector molecule 

for Configuration C, the reaction mix Is loaded onto a lane of an 
agarose or polyacrylaralde gel of suitable composition, 
electrophoresed to resolve the extended specie primer-detector 
molecule complex and finally assayed using a procedure appropriate 
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for detecting the detector molecule. Labelled size standards are 
normally Included In another lane of the gel. ••> ' ■ 

3 . Detection of Multiple Specific Nucleotide Seauenpos m ino Different 
Capture Molecules. 1e Multiple Infect ious Pi-sea^ 

This method Involves the following steps: 

the synthesis of multiple different specific primers each of which Is 
complementary to a different known nucleic acid sequence, the. targets 
the attachment of different capture molecules to the 5' end of the 
different specific primers • 
the hybridisation, In solution, of these different specific primers 
(with attached different capture molecules) to the different target 
nucleic acid sequences to which the different specific primers are 
complementary 

the addition to the solution of the four deoxyrlbonucltetwtldes and 
either a DNA dependent DNA polymerase (If the targets are alT DNA) , 
or a RNA dependent DNA polymerase (If the targets are all RNA) or 
both polymerases (1f the targets are a mixture of both-UNA and RNA) 
under conditions suitable for the enzymatic extension of .the specific 
primers If these specific primers are hybridised with their 
complementary target nucleic acid sequence. One or more of the 
deoxyrlbonucleotldes has covalently attached to It a detecttor .molecule 
the polymerase enzj|me(s) extends the different specific p'ftmer using 
the different target nucleic acid sequences as a templates and 
simultaneously Incorporates a detector molecule Into the extended 
primers 

the reaction can be heat denatured and the cycle repeated to amplify 
the amount of different extended specific primers 
different specific affinity molecules (which have specific affinity 
for the different respective capture molecules and are attached to 
solid supports such as "test strips") are added, t* the solution under 
conditions conducive to the binding of the different capture molecule 
to their different specific affinity molecule 
once the different extended specific prlmers^re attached to their 
specific affinity molecule-solid support complexes via tf»e different 
capture molecules, each different complex 1s removed 1h<Hv1<toally 
with the appropriate test strip which subsequently Is-washed 
extensively under high stringency conditions 
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at the conclusion of the washing step, one of the test strips Is 
assayed for the presence of detector molecule using a procedure 
appropriate for the particular detector molecule. If the assay 
Indicates that the detector molecule 1s present on the test strip 
then this 1s Indicative that the specific nucleotide sequence 
targeted by the primer having that particular detectable molecule 1s 
present In the test sample. If the assay Indicates that no detector 
molecule Is present on the test strip then this 1s Indicative that 
the specific nucleotide sequence targeted by the primer having that 
particular detectable molecule Is not present 1n the test sample 
the procedure of the last step 1s repeated for each of the test strip 

4, Detection of a multiple nm-lpo tide or base changes in different 
Polynucleotide. SPmiPnces. ie multiple genetic defects or d1s»a<»< 
or genetic, f 1ngp r pr1nt1m 

This method involves the following steps: 

the synthesis of a multiple different specific primers each of which 
1s complementary to a different known nucleic acid sequence, the 
targets. The different specific primer sequences are complementary 
to their respective different target sequences Immediately adjacent 
to the single base to be detected 

the attachment of different capture molecules to the 5' end of the 
different specific primers 

the hybridization, 1n solution, of these different specific primers 
~ ■ to their different respective target nucleic acid sequences 
the addition of the solution of all four types of dldeoxyribo- 
" nucleotide (eg, ddATP, ddCTP, ddGTP, ddTTP) and either a DNA 
dependent DNA polymerase (If all the targets are DNA) or a RNA 
dependent DNA polymerase (If all the targets are RNA) or both (1f the 
targets are a mixture of both DNA and RNA) under conditions suitable 
for the enzymatic extension of the different specific primers. Each 
dldeoxyribonudeotide has covalently attached to It a different 
detector molecule. 

the polymerase enzyme extends the different specific primers using 
the different target nucleic add sequences as templates adding only 
one molecule of one of the dldeoxyribonudeotldes 
the reaction can be heat denatured- and the cycle repeated to amplify 
the amounts of extended different spedffc primers 
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the specific affinity molecules (with specific affinity for the 
different respective capture molecules and are attached to solid 
supports such as "test strips") are added to the solution under 
conditions conducive to the binding of the different capture 
molecules to the different specific affinity molecules 
once the different extended specific primers are attached to their 
specific affinity molecule-solid support complexes via the different 
capture molecules, each different complex Is removed individually 
with the appropriate test strip which subsequently Is washed " 
extensively under high stringency conditions 
at the conclusion of the washing step, one of the test strips Is 
assayed for the presence of detector molecule using a procedure 
appropriate for the particular detector molecule. If the assay 
indicates that the detector molecule Is present on the test strip 
then this is indicative that the specific nucleotide sequence 
targeted by the primer having that particular detectable molecule Is 
present In the test sam P ,e. If the assay Indicates that no detector . 
molecule is present on the test strip then this is indkative.that 
the specific nucleotide sequence targeted by the primer having that 
particular detectable molecule is not present 1n the test sample 

ZtTfTZZ^J "" step 15 repeated for each ° f the test ^ 

cuf ,h Refe !T!! 9 t0 Fl9 " 5 aPP4ratUS ,0 ° ,S 9eWan * SU,tab1e carrying 
out the methods of the Invention according to non-automatic or automatic 
Procedures. The extending and separation procedures take pla* wjthln 
removable reactor 10 which 1s disposed within support vesse.) h. Vessel 11 
e $ actoTloT e TIT" ^ the ™- COnt ""* d **.t 12. The contents of 

r ! n I"' ^ Shak,n9 V " Sel 11 US1 " 9 shaker The base of 

actor io has specific porosity membrane 14 supported by membrane support 
15. Reactor 10 Is supported 1n vessel 11 by support for removable factor 

rM , "Z'l mater1a1, Pr1mer(S) 4nd eXtend1ns rea ^ts are delivered to 
actor 10 from their respective vessels 16, 17 and 18. Primer annealing 

I 1 and « 7; erW,tted t0 °" ur for *" appropriate period under -gentle 

■1 1ng and fixed temperature conditions. This reaction creates an extended 

Primer having a detectable element and separation element provided LeT 

sample has a specific polynucleotide sequence for which, the primer has: a 
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sequence complementary to part of the specific polynucleotide sequence. 

Subsequently specific affinity molecule(s) (SAM(S)) attached to an 
Inert support for the separation element are added to reactor 10 from SAM 
supply vessel 19 and allowed to react with extended primer for an 
appropriate period. Unreacted reagents, buffer and unextended pr1mer(s) 
are then removed to waste container 25 via vacuum Hne 25, having 
associated vacuum pump 24, attached to the base of support vessel 11 whilst 
extended pr1mer<s) having attached SAM(S) are retained In reactor 10 by 
membrane 14. The retained prlmer-SAM complexes are washed with wash 
reagent supplied from vessel 22 to remove background and thereby create the 
first fraction 1n reactor 10. The first fraction Is then examined for the 

presence of detectable element with detector 23. Typically, the detectable 

32 

element 1s a radioactive element such as P and detector 23 Is a 
scintillation counter. • 

If the assay Indicates that the detector molecule 1s present then 
this 1s Indicative that the specific nucleotide sequence 1s present 1n the 
test sample. If the assay Indicates that no detector molecule Is present 
then this 1s Indicative that the specific nucleotide sequence is not 
present 1n the test sample. 

Example 1 

In this example of the detection of a specific polynucleotide 
sequence, the method depicted In F1g. 1 was used for the detection of the 
single stranded genomic DMA of the bacteriophage Ml 3. 
K : Synthesis of the synthetic primer . 

A 17-mer ONA complementary to Ml 3 ssDNA was synthesized on an Applied 
Blosystems DNA Synthesizer. 

The 17-mer had the nucleotide sequence: 

3 « -T-G-A-C-C-G-G-C-A-G-C- A-A-A- A-T-G- 5 1 

This primer 1s not only complementary to Ml 3 single-stranded DNA but 
also to the bacterial double-stranded DNA plasm1d f pUC12. 
2. Attachment of the primer to cellulose* 

The method of Ashley and MacDonald (1984) was used to attach the 
primer to ABM-cellulose. The amino benzyl oxymethyl (ABM) groups on ABM 
cellulose were dlazotlzed to form dlazobenzyloxyraethyl -cellulose 
(DBM-cellulose). The specific primer was attached to the DBM-cellulose. 
Approximately 40 fig of specific primer was bound to 20 mg of cellulose. 
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3 * ^rldlzflfton of mlflr nrimer-rPiiuiosp «*-^ h]nr i rlrh m, ,,, i 

nucleic arlH In " rr 
SP-cellulose was resuspended In a solution containing the target 
nucleic acid either M13 ssDNA or pUC12 and water. This was mixed, bo ned 
for 5 minutes and quenched on ice. The mixture was then washed by 
centrtfugatlon using a wash buffer comprising 140mM sodium chloride, 15mM 
sod urn citrate and 20mM sodium phosphate, P H 7.0 to remove nucleic-acids 
that had not hybridised with the SP-cellulose. 

4 - Primer pyfpnMrn "\ " - 

The specific primer was extended using DNA polymerase I (KlenoW 

fragment) together with labelled and non-labelled nucleotides. ... 
The reaction conditions were as follows: 

20 : 1 Pffimrn ft tit 

50mM Tr1s-HCl , pH 8.3 

8mM Magnesium chloride 

4mM dlthlothreltol .... 

4mM sodium pyrophosphate r 

ImM each dATP, dGTP and dTTP 
1.C1 32 P dCTP : 

7 units DNA polymerase I, Klenow fragment 

concen r'atlon'oTlT' ^ addU, ° n ° f glycol 6O0W0 a final 

concentration of « increased the Incorporation of radioactivity up to* 

The reaction mix was Incubated for 2 hrs at 20'C. . * 
At the end of the Incubation, unincorporated nucleotides .ere reaoved 
' ?: SP -"" U, °" by centr,fu 9 ,t.on. 

n „ T S ° d,U " Ch '° r,de ' ' 5 * so " m c,tme - »-r«««- 

nospnate. pH 7.0. The saap,, wa s vortexed for 1 *,„„te at 
fZlTZ' Centr,fU ' e ' * U ' 00 °' f ° r 5 * mUS - ™ S «« repeated 

the SP-cellulost was added to a vial containing 
c nt ,t,on solution and Incorporation was determined using a liquid 
scintillation counter. 

Ex* 1 "" 1 " ? 

In this example of the detection of a specific polynucleotide' 
sequence according to the second embodiment of the Invention, single 
stranded genomic DNA fro, the bacteriophage M13 apis™ detected using the 



following oligonucleotide primer: 



Ml 3 ssDNA 



3' . . . TTTGCTGCCGGTC AC GGTTCGAA . . .5' 
5* AAACGACGGCCAGTGCC 
Specific Primer 

The configuration used In this example Is demonstrated In Figure 2b; 

32 

the detector molecule 1n this example Is, P and Is attached to the 5' 
end of the specific primer; the capture molecule Is blotln and 1s 
Incorporated Into the extended primer as blotl n-1 6-dUTP (an analogue of 
dTTP); the specific affinity molecule 1s streptavldln and the solid support 
1s agarose. 

The specific primer was syntheslsed using an oligonucleotide 

32 

synthesiser and was 5* end labelled with P using polynucleotide kinase 
as follows: 
Reaction mix: 

Specific primer (50 pmoles 5'0H ends) 

100 mM dlthlothreltol 5(xl 
lOx TM Buffer Sfil 



The reaction mix was incubated at 37 # C for 20 minutes. The labelled 
- 32 
primer was separated from unincorporated P using a DEAE cellulose 

column. 

The primer extension reaction was carried using the following 
reaction mix either with M13 mp!8 or lambda bacteriophage (as a non- 
homologous control): 



(600 mM Tr1s, pH7.6; 90 mM MgCl 2 > 
Y- 32 P-dATP (3000 C1/mmole) 
T 4 polynucleotide kinase (8.6 units/ml) 
ddH-0 . 



ISji-l 

2|xl 
22fil 
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M13 


Lambda 


Template DNA (500 ng) 


2.5ul 


lOul 


32 

P labelled specific primer 


lOul 


lOul 


DNA polymerase (Klenow; 1 unl t/ul 


lul 


lul 


B1ot1 n-1 6-dUTP (ImM) 


lul 


lul . 


dCTr (1 mM) 


lul 


lul 


dGTP (1 mM) 


lul 


lul 


HA TO ( \ m\A\ 


lul 


lul 


NaCl (5 M) 


lul 


lul 


MgS0 4 (1 M) 


0.5ul 


O.Sul 


D1th1othre1tol (4 mM) 


1.25u1 


1.25ul 


Bovine serum albumin (1 mg/ml) 


2.5u1 


2.5u! 


THs HC1. pH7.0 (1 M) 


2.5ul 


2.5ul 


ddH 2 0 


24.75ul 


25/25ul 



The reaction mix was Incubated at 37'C for 60 minutes. At the 
completion of the Incubation, the extended primer was precipitated with 
ethanol to remove unincorporated b1otin-16-dUTP. To the reaction mix was 
added one volume (50ul) 5M ammonium acetate and 250ul ethanol, followed by 
brief mixing and incubation at -20*C for one hour. The precipitate was 
collected by centrlfugatlon, dried briefly, resuspended In 50ul ddH 2 0 and 
applied to a 200ul streptavldtn/agarose column (containing 0.12mg 
streptavldln) previously equilibrated with binding buffer (10 mM Tr1s HC1 , 
PH7.5; 200 mM NaCl; 1 mM EDTA). The column was washed five times with 
500ul each of binding buffer. The streptavldln/agarose was suspended In 
lml binding buffer to which was added 6ml of scintillation fluid and the 
mixture counted 1n a liquid scintillation counter. 

The results for the M13 and the lambda systems were as follows: 
Temnl atP cjjffl 

M13 29,055 
lambda 1 ,043 

The results demonstrate that the primer was specifically extended 
only 1n the presence of the homologous template. Ml 3. but not extended In 
the presence of the non-homologous template, lambda. Further, biotin was 
Incorporated Into the extended primer. 
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Example 3 

In this example of the use of the Invention for the detection of an 
altered nucleotide base, the configuration shown In Figure 3c was used. 
The Ml 3 sequence detected and the oligonucleotide primer sequence used were 
as follows: 

HI 3 ssDNA 

3' . . . TTTGCTGCCGGTCACGGTTCGAA . . . 5' 
5' AAACGACGGCCAGTGCC 
Specific Primer 

The specific primer was syntheslsed using an oligonucleotide 
synthesiser. 

The reaction mix was set up as follows: 

500 ng M13mpl8 ssDNA 2 .5u,l 
0.8 pmol.es specific primer 2.0u.l 
lOx reaction buffer 1.5^] 

ddH 2° l.Ou.1 
This reaction mix was Incubated at 55°C for 10 minutes at which time 
the following were added: 

32 P dATP (3000 C1/mmole, 10 mC1/ml) o.5u,l 
P ddATP (3000 Cl/mmple, 10 mC1/ral> i .5^1 

ONA polymerase (Klenow) (l un1t/u.l) i.ou,1 
This reaction mix was Incubated for a further 15 minutes at Z5'C. 
The reaction was stopped by the addition of 4ul formamlde dye (9SX 
formanrlde, 0.1X xylene cyanol, 0.11 bromophenol blue). The reaction mix 
was heated at 100*C for three minutes prior to loading on a 201 
polyacryl amide gel and electrophoreslng for 30 minutes at 30 mllllamps. 
The gel was then fixed 1n 10X acetic add,, washed with ddH-0 and exposed 
to X-ray film at -80'C.for 12 hours. 

The resulting autoradlograph (Figure 4) exhibited only one band of 18 
nucleotides 1n length. Thus the primer had been extended by only one 
nucleotide by the Incorporation of a labelled adenine residue and thus 
detecting a specific single nucleotide in a nucleic add sequence. 

Exanrolt. A 

In this example of the detection of a specific polynucleotide 
sequence, the method of Fig.. 2a was used for detection. of the single 
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stranded genomic DNA of the bacteriophage M13. r f 1 ■ 

1. ^vnrhocis of thP synthetic primer 

A 25-mer DNA complementary to MIS ssDNA was synthesized -by Clontec 

(USA) . 

The 25-mer had the nucleotide sequence 
5'-X ACG TTG TAA AAC GAC GGC CAG TGC C-3' 
where X Is blotln covalently attached to a 'modified nucleotide. 

2. Hybridisatio n and primer extension 

The primer was mixed with buffer containing either M13 DNA' (target) 
or herring sperm DNA (control) and extended using DNA Polymerase I (Klenow 

fragment) . 

Reaction conditions were as follows: 
50 mM Tr1s pH 7.5 

10 mM MgCl 2 . • , 

4 mM DTT 

100 mM NaCI " 

50 ug/ml bovine serum albumin 
0.02 mM each dATP , dGTP, dTTP 
1 CI 32 P dCTP 

742.5ng/50ul Ml 3 or herring sperm DNA 

25.8ng/50ul blotln-prlmer 

0.5 units DNA polymerase I, Klenow fragment. 
The reaction mixes were Incubated at 37'C for 60' and terminated by 
precipitation and washing. 

Precipitation was carried out by addition of 5M ammonium acetate, 
calf thymus DNA as carrier and ethanol . Pellets collected -by. 
centrlfugatlon were washed with 701 ethanol until washings contained less 

than 500 cpm. 1 ' 

Washed pellets were then dissolved 1n binding buffer consisting x>f 
200mM NaCI, lOmM Tr1s pH 7.5, ImM EDTA and applied to a column of 
streptavldln-agarose. Columns were washed with several volumes of buffer 
and counts bound to streptavldln agarose (SA) were measured, with the 
following results: 

Target cpm bound to SA 

Ml 3 H.939 

Herring Sperm 83 

The results demonstrate that only primers' extended In the presence of 
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target M,3 m resu.t ,„ s1gnlf lcant ^ ^ ^ ^ 

Industrial An P nr a hin ty 
The method cf the Invention can he readi.y US ed ,„ the 



applications: 
a) 



fectlous d,seases of humans, „,.„ „„ , 

nucl.1. acid sequences. particular!, .„ the detection of oil 
defects and DNA fingerprinting; 9 
c) kits for use .,«, the above applications: and 

automated equipment for use ,1th the above applications 
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CLAIMS 

x * A method for detecting a specific polynucleotide sequence 

in a material comprising: 

a ) exposing said material to an oligonucleotide primer 

having a sequence complementary to part of said specific 
polynucleotide sequence wherein said primer binds to part 
of said polynucleotide sequence when present in said 
material; 

b > extending primer bound to the polynucleotide sequence 

wherein any extended primer includes a detectable element 
or a separation element; 

c) separating any extended primer into a fraction wherein 

said fraction does not have .detectable element not 
included in said extended primer; and 

d > determining whether any extended primer is present in 

said fraction by assaying said fraction for said extended 
primer wherein the presence of said extended primer is 
indicative of the presence of the specific polynucleotide 
sequence in said material and the- absence of said 
extended primer in said fraction is indicative of the 
absence of the specific polynucleotide sequence in said 
material . 

2 * A method for detecting a specific polynucleotide sequence 

in a material comprising: ♦ 1 

a) exposing said material to an oligonucleotide primer 
having a sequence complementary to part of said specific 
polynucleotide sequence wherein said primer binds to part 

i of said polynucleotide sequence when present in said 
material; 

b) extending primer bound to the polynucleotide sequence 
wherein any extended primer includes a detectable element 
and a separation element; 

c) separating detectable element not included in said 
extended primer from any extended primer wherein any 
extended primer is separated into a fraction; and 

d ) determining whether any extended primer is present in 
said fraction by assaying said fraction for said 
detectable element wherein the presence of said . 
detectable element is indicative of the presence of the 
specific polynucleotide sequence in said material and 
the absence of said detectable element in said fraction 
is indicative of the absence of the • specific 
polynucleotide sequence in said material. 
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JLfl! ? for detecting at least two different specific 
polynucleotide sequences in material having a plurali£5 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different 

oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to part of 
one of said different specific polynucleotide sequences 
when present in said material each of said 
oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to the other of said 

oligonucleotides nrimoWe\. 



b) 



oligonucleotide primer(s) 

extending said different oligonucleotide primers bound 
lLJ?* n lr dl " e "nt specific polynucleotide sequences 
wherein any extended primer includes a detectable element 
or a separation element; 

c) separating any extended primers into at least one 

whe f ein "id fraction(s) does not have 

nJi^w^ 6 e i en,ent not included in said extended 
primer (s)-; and 



d) 



determining whether any extended primers are present < n 
said fraction (s) by assaying said fraction(s) for at 
least one of said extended primers wherein the present 
of said extended primer (s) is indicative of the presence 
of at least one of the different specific polynucleotide 
sequences m said material and the absence o^ said 
extended primer(s) in said fraction(s) is indicative of- 
the absence of at least one different specific 
polynucleotide sequence in said material. 



4- A method for detecting at least two different specific 

polynucleotide sequences in material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at leasf two different 

oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 

SL 1 !™- °? S °? Said dif ferent specific polynucleotide 
sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present in 
said material each of said oligonucleotide primers 

SimliilS ? ° f a dif f erent s P«<=ifi<= polynucleotide 

sequence to that of the other oligonucleotide primers; 
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b) extending said different oligonucleotide primers bound 
to their complementary polynucleotide sequences wherein 
any extended primer includes a detectable element and a 
separation element; 

c ) separating detectable element not included in said 
extended primers from any extended primers wherein any 
extended primers are separated into at least one 
fraction; and 

d) determining whether any extended primers are present- in 
said fraction(s) by assaying said fraction(s) for said 
detectable element (s) wherein the presence of said 
detectable element (s) is indicative of the presence of 
at least one of the different specific polynucleotide 
sequences in said material and absence of said detectable 
element(s) in a fraction(s) is indicative of. the absence 
of at least one different specific polynucleotide 
sequence in said material. 

5 ' A method for. detecting whether a specific nucleotide or 

base is at a particular position in a' specific 
polynucleotide sequence in material comprising: 

a) exposing said material to an oligonucleotide primer 
having a sequence complementary to part of the specific 
polynucleotide sequence wherein said primer binds to part 
of said specific polynucleotide sequence in said material 
immediately adjacent to rhe particular position; 

b) extending primer bound to the specific polynucleotide- 
sequence with the proviso that the bound primer is only 
extended up to and including said specific nucleotide or 
base when said specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence wherein the extended primer has a detectable 
element and/or a separation element at a position 
complementary to said specific nucleotide or base; 

c) separating any extended primer into a fraction wherein 
said fraction does not have detectable element not 
included in said extended primer; and 

<*) determining whether any extended primer is present in 

said fraction by assaying said fraction for said extended 
primer wherein the presence of said extended primer 
indicates that the specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence and the absence of said extended primer 
indicates that the specific nucleotide or base is not at 
the particular position in the specific polynucleotide 
sequence. 
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b) 



6 - A method for detecting whether the same or different 

specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

a ) exposing said material to at least two different 

oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present in 
said material each of said oligonucleotide primers 
bmdxng to part of a different specific polynucleotide 
sequence to that of the other primer (s) and wherein each 
of said primers binds to its complementary specific 
polynucleotide sequence in said material immediately 
adjacent to the particular position; 

extending said different oligonucleotide Drimers bound 
to their complementary polynucleotide sequences with the 
proviso that' each of the bound primers is only extended 
up to and including the particular position when said 
specific -nucleotide or base is at the particular position 
in the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/cr a 
separation element at a position complementarv to said 
specific nucleotide or base; 

separating any extended primer (s) which has extended only 
up to a specific nucleotide or base at a particular 
position into at least one fraction wherein said fraction- 
does not have detectable element not included in said 
extended primer; and 

determining whether at least one extended primer is 
present in said fraction (s) by assaying said fraction (s) 
for said extended primer (s) wherein the presence of an 
extended primer indicates that a specific nucleotide or 
base is at a particular position in a specific 
polynucleotide sequence and the absence. of said extended 
.primer (s) in a fraction (s) indicates that at least one 
specific nucleotide or base is not at a particular 
position in at least one different specific 
polynucleotide sequence. 



c) 



A method for detecting whether a specific nucleotide or 
base is at a particular position in a specific 
polynucleotide sequence in material comprising: 

exposing said material to an oligonucleotide primer 
having a sequence complementary to part of the specific 
polynucleotide sequence wherein said primer binds to part 
of said specific polynucleotide sequence in said material 
not immediately adjacent to the particular position 
whereby there is an intervening sequence between the 
particular position and primer bound to the specific 
polynucleotide sequence; 

extending bound primer with the proviso that the bound 
primer is only extended up to and including said specific 
nucleotide or base when said specific nucleotide "or base 
is at the particular position in the specific 
polynucleotide sequence wherein the extended primer has 
a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or- 
base with the proviso that the intervening sequence - 
cannot be one where bases or nucleotides complementary 
to the intervening sequence and which are incorporated 
into the extended primer cause incorporation of an 
interfering detectable and/or separation element; • 

separating any extended primer which has extended only 
up to a specific nucleotide or base at a particular 
position into a fraction wherein said fraction does no- 
nave detectable element not included- in said ext-nded 
primer; and 

determining whether any extended primer is present in ' 
said fraction by assaying said fraction for said extended 
primer wherein the presence of said extended primer 
indicates that the specific nucleotide or base is at the 

Sit^iS r P° sition in the specific polynucleotide 
sequence and the absence of said extended primer 
indicates that the specific nucleotide or base is not at 
the particular position in the specific polynucleotide 
sequence. 

A method for detecting whether the same or different 
specif ic nucleotides or bases are at particular positions 
m at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

exposing said material to at least two different 
oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to its 



(b) 
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complementary polynucleotide sequence not immediate i« 
?S2:5! nt - t0 P articula ^ Position whereby is H 

intervening sequence between the particular ■ positioi„S2 

^re^n t b 7n nd ^ SpeCifiC P°ly-cleotide sequenc^when 
present m said material each of said oligonucleotide 

primers binding to part of a different spJcif?; 
polynucleotide sequence to that of the other primer(s^ 

?hfj"" 9 S3i ? different oligonucleotide primers bound 
to their complementary polynucleotide sequences wherein 
each of the bound primers is only extended up to anS 
including the particular position when said specific 
nucleotide or base is at the particular position in tht 
specific nucleotide sequence wherein P e ach Sf saiS 
t^tt P ra L Mers has a detectable element and/or a 
™?5^ 10n e i ement at a Position complementary to said 
specific nucleotide or base with the proviso that ?he 
intervening sequences cannot be oneswhere bases S? 
Jn5 H tl ? eS com P lem ^t:ary to the intervening sequences 
and which are incorporated into the extended prWfl? 

S™;^ 1 " COrP 1 ° ration ° f in terfering detectable and/or 
separation element(s); ' r 



c) 



d) 




determining whether any extended primers are present in 

HitJ^ CZXOn(S) by assa y in * said P fraction(s) P for sat* 
extended primer <s)s wherein the presence of an extended 

o? lm b. r i S) lndi = ates that a * l*ast P one specif ic ^ucSo??3e 
or base is at a particular position in a specific 

Sri££?o 0t - lda S€ ? UenCe and the absenc e of said exuded 
lUTiliV nun 3 + . fr H action indicates that at least one 
specific nucleotide or base is not at particula- 
positions m a t least one different specific 
polynucleotide sequence. ^J-erent specific 



The method of claim 1 wherein 
using at least one nucleotide 
consisting of dATP, dCTP, dGTP, 
ddCTP, ddGTP, ddlTP and ddTTP. 



said extending comprises 
selected from the group 
dTTP, dUTP, dITP, ddATP, 
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The method of claim 3 wherein said extending comnrie 0 * 
using at least one nucleotide, selected from the^Jun 
consisting of dATP, dCTP, dGTP, dTTP , dUTP, dITP ddA?P 
ddCTP, ddGTP, ddlTP and ddTTP. a-CATP, 

The method of claim 4 wherein said extending conoris^ 
using at least one nucleotide selected from the araul 
consisting of dATP, dCTP, dGTP , dTTP, dUTP, dITP ddATP 
ddCTP, ddGTP, ddlTP and ddTTP, ' TP ' 

The method of claim 1 wherein said extending. comprises 
using four different nucleotides selected from • the grluS 
consisting of dATP , dCTP, dGTP, dTTP, dUTP, dITP ddATP 
ddCTP, ddGT?, ddlTP and ddTTP. QaATP , 

The method of claim 2 wherein said extending comprises 
using four different nucleotides selected from the group 

SSSSi iD 9 of dATP ' dCTP ' dGTP ' - dTTP ' dUTP ' diTP, ddA^ 

ddCTP, ddGTP, ddlTP and ddTTP. " 

The method of claim 3 wherein said extending comorise* 
using four different nucleotides selected from the* group 

^ 9 ° £ dATP ' dCTP ' dGTP ' dTTP ' dUTP ' dITP, ddAT* 
ddCTP, dd.GTP, ddlTP and ddTTP. * ' 

The method of claim 4 wherein said extending comprises 
using four different nucleotides selected from the £2" 

f~« Stlng ° f dAT? ' dCTP ' dGTP ' dTTP , dUTP, dITP ddA-" 
ddCTP, ddGTP, ddlTP and ddTTP. ooa.. , 

ui?n? a S° d ° f , Clailn 5 wherein said extending comprises 

* J 3 ^ nucleotide selected from the grouc consisting • 
of dATP , dCTP, dGTP, dTTP , dUTP, dITp! dd+TP dSS 
ddCTP, ddGTP and ddTTP . ' ^ ' 

The method of claim 5 wherein said extending comprises 
J 1 !?!™ 6 nucleot ide selected from the group consisting 
of ddlTP, ddATP, ddCTP, ddGTP and ddTTP. 

The method of claim 6 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP ddATP 
ddCTP, ddGTP, ddlTP and ddTTP . ' ' 

The method of claim 6 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of ddATP, ddCTP, ddGTP, ddlTP and ddTTp! 

The method of claim 7 wherein said extending comprises 
S^irS 1 * iS£i e °!l ide selected fro ™ the group consisting 

S5J? TP „'-, dCTP ' dGTP ' dTTP ' dUTP ' dITP ' d ^ITP, ddATP, 
ddCTP, ddGTP and ddTTP. ' 
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The method of claim 8 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP 
ddCTP, ddGTP, ddlTP and ddTTP. aaATP, 

The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has a detectable element, 

The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has a separation element. 

The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has separation and detectable 
elements. 

The method of any one of claims 1 to 8 wherein the 
oligonucleotide primer incorporates a detectable element. 

The method of any one of claims 1 to 8 wherein the 
oligonucleotide primer incorporates a separation element. 

The method of any one of claims 1 to 8 wherein the 
oligonucleotide primer incorporates detectable and 
separation elements. 

The method of any one of claims 1 to 8 wherein any 
extended primer includes a separation element and said 
separating step comprises: contacting anv ex-tended prime- 
with a molecule having affinity for' the separation 
element, said molecule being linked to a suopo-t that 
racixixiates said separating; and separating said 
contacted. extended primer(s) co provide said fraction. 



The method of any one of claims 1 to 8 wherein anv 
extended primer includes a separation element and said 
separating step comprises: contacting any extended primer 
with a molecule having affinity | for the separation 
element; and separating said contacted extended primer (s) 
to provide said fraction wherein said seDaration element 
and said molecule are selected from the 'group listed as 
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Separation Element 



(a) a ligand for which 
there is a specific 
receptor 

(b) a specific receptor; 



(c) an antigen; 



( d ) a specific antibody 
for an antigen; 

( e ) an antiidiotypic 
antibody 

(f) an antibody for an 
antiidiotypic antibody; 

(?) a haptenic group; 



( h ) a specific antibody 
for a haptenic group; 

(i) an enzyme- 



CD) a tight binding 

inhibitor for an enzyme; 



Molecule Having Affin^y fff r 
Separation Element 

a specific receptor for the 
ligand; 



the ligand for the specific 
receptor; 

a specific antibody for 
the antigen; 

the antigen; 



a specific antibody for the 
antiidiotypic antibody; 

an antiidiotypic antibody 
specific for the antibody 

a specific antibody for the 
haptenic group; 

the haptenic group 



a tight binding inhibitor for 
the enzyme: and 

the enzyme. 



32. ^ The method of any one of claims 1 to 8 wherein the 

i! specific polynucleotide sequence (s) is a DNA sequence. 

33 " The method of any one of claims l to 8 wherein the 

specific polynucleotide sequence (s) is an RNA sequence. 

34 ' The nathod of any one of claims 1 to 4 wherein the 

specific polynucleotide sequence (s) is from an infectious 
or disease causing organism. 

A kit for detecting a specific polynucleotide sequence 
m a material comprising: 

a) an oligonucleotide primer having a sequence complementary 
to part of said specific polynucleotide sequence; 

b) polymerase enzyme for extending the oligonucleotide 
primer ; 



35 



Separation Element 



a ligand for which 
there is a receptor 

a receptor ; 

an antigen; 

an antibody for an 
antigen 

an antiidiotypic 
antibody 

an antibody for an 
antiidiotypic antibody; 

a haptenic group; 



an antibody. for a 
haptenic group; 

an enzyme; 



a binding inhibitor 
for an enzyme; 



Molecule Having Affinity f o r 
Separation Element; 

a receptor for the ligand; 



the ligand for the receptor; 
an antibody for theantigen; 
the antigen; 



an antibody for the 
antiidiotypic antibody; 

an antiidiotypic antibody 
for the antibody 

an antibody for the haptenic 
group; 

the haptenic group 



a binding inhibitor for the 
enzyme; and 

the enzyme. 



The method of any one of claims 1 to 3 wherein any 
extended primer includes a separation element and said 
separating step comprises: contacting any extended primer 
with a molecule having affinity for the seoaration 
element, said molecule being linked to a support that 
facilitates said separating; and . separating said 
contacted extended primer (s) to provide said fraction 
wherein said separation element and said molecule are 
selected from the group listed as follows: 
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d) 



38 



a) 



a detectable element and/or separation element whereby 
extended primer has a detectable element and/or a 
separation element at a position complementarv to said 
specific nucleotide or base and a detectable and/or 
separation element optionally attached to the 
oligonucleotide primer. 

A kit for detecting whether the same or different 
specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

at least two different oligonucleotide primers 
each of said primers having a sequence 
complementary to part of one of said specific 
polynucleotide sequences wherein each of said primers 
binds to its complementary polynucleotide sequence /hen 
present in said material each of said oligonucleotide 
primers binding to part .of a different specific 
polynucleotide sequence to that of the other primer (s) 
and wherein- each of said primers binds to its 
complementary specific polynucleotide sequence in said 
material immediately adjacent to the particular position; 



a polymerase enzyme (s) for extending the different 
oligonucleotide primers ; 

at least one nucleotide selected from tne group 
consisting of dATP, dCTP, dGTP, dTTP , dUTP, dITP, ddlTP* 
ddATP, ddCTP, ddGTP and ddTTP with the proviso that said* 
nucleotide is selected whereby bound orimer is only 
extended up to and including said specific nucleotide or 
base^ when said specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence; and 

at least one detectable element and/or seoaration element 
whereby each extended primer has a detectable element 
and/or a separation element at a position complementary 
to said specific nucleotide or base and a detectable 
and/or separation element optionally attached to the 
oligonucleotide primer. 

A kit for detecting whether a specific nucleotide or base 
is at a particular position in a specific polynucleotide 
sequence in a material comprising: 

an oligonucleotide primer having a sequence complementary 
to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specific polynucleotide 
sequence not immediately adjacent to the particular 



c) 



d) 
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■a) 



b) 



at least one nucleotide selected from the ornun 
consisting of dATP, dCTP, dGTP, dTTP dUTP dITP rtni°n P 
ddCTP, ddGTP, ddlTP and ddTTP; and ' ' ddATP ' 

Lt^^^J 1 *?*^ and/or se P«ation element which is 
optionally attached to the oligonucleotide primer or onl 
or more of the nucleotides. 

36. a kit for detecting at least two different specific 

polynucleotide sequences in a material having a pluraluS 
of different polynucleotide sequences comprising: y 

at least two different oligonucleotide primers each 
of said primers having a sequence complementary to part 
of one of said specific polynucleotide sequences; 

a polymerase enzyme (s) for extending the different 
oligonucleotide primers; ent 

c) at least one nucleotide selected from " the grouo 

3^ ° f dATP ' dCTP ' dGTP ' dTTP < dUTP, dITP, ddATP 

adCTP, ddGTP,. ddlTP and ddTTP; and ooatp , 

d) a detectable element and/or separation element 

n-fnpr* 1 - 0 ^ 10 " 311 *' attached *° the oligonucleotide 
p.imers or one or more of the nucleotides. ' 

^at a°L d r.r^ ing Whether a specific nucleotide or base 
Zlwlncf artlcular Position in a specific polynuclecride 
sequence in a material comprising: .. 

^ to l\iV^ C il 0tid& Primer haVing a sequence complementary 
Mid Mi«r?-% SP ; ClflC Polynucleotide sequence wherein 
said primer binds to part of said specific polynucleotide 
sequence immediately adjacent to thY particular potion; 

primer? 8 " 36 enZyme f ° r extendin 9 the oligonucleotide 



b) 
c) 



dA?P dCTP drrp **}2£? d « tS<m the *roup consisting of 
ddCTP ' dUTP ' dITP ' ddITP ' ddATP < dd CTP, 

2 dTT ! Wlth the P roviso that said nucleotide is 
incJSdtnn bound P ri » er i» °nly extended up to 
including said specific nucleotide or base when said 

S'Shf^iii 0 * 1 ^ ° r b f 86 ^ dt the P^ticuiar position 
in the specific polynucleotide sequence; and 



c) 
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polynucleotide sequence; ! 

. polymerase .nty- (or extending tne oligonucleotide | 

primer; , 

*. ^ ^r-nm the qroup consisting of 
one nucleotide «l£j ed '""^w ddlTP, ddATP, ddCTP, 
dATP , dCTP, dGTP , dTTP ^UTP, dl TP < nucle0 tide is . 

ddGTP and ddTTP w ^ in ^ r ^ ^ extended up to and ; 

selected whereby bou ^ P/^eotide or base when said 
including said spec ^ nu £ e ° t ^ particular position 
specific nucleotide or ba?e is « * . with tne pro viso 
in the specific polynucleotide seque ^ 
that the intervening sequence cannot sequence 
or nucleotides c™P l * n *£W££*£ W de4 primer cause 

rncor^V n o^ ^ ™ 

separation element; and 

cpnaration element whereby 
a detectable element ^^^J^^^ei^ent and/or a 
extended primer has a complementary to said 

separation element a. a posi detectable and/or 

specific nucleotide ° „ n tionallY attached to the 
separation element optionally 
oligonucleotide primer. 

, >;it for detecting p ^ll, £"5S£ 

specif ic nucleotides ^^"nt specific polynucleotide 
in at least two dir ^ e " plurality of dirrerent 
sequences in material ha ^ng £ f * . 
polynucleotide sequences comprising. 

i at least two different oligonucleotide primers 
° eac^f'said primers having , . ^^"specif ic 

complementary to part of one ^ or s v ^ primers 

polynucleotide ^^^^iZcleoti^ sequence when 
binds to its ""P 1 *;;"^^ of said oligonucleotide 
present in said material eacn o^ different specific 
primers binding to part r riroer ( S ) 

polynucleotide sequence to that of ^ . 

and wherein each of P otide sequence in said 

complementary specific pol a <a^ part icular 
material not ™™Z dl ^ el **?^vveni*q sequence between 
S^^f^on"^ £™ound tfthe specific 
polynucleotide sequence; 

, \ f« r extending the different 
b) a polymerase enzyme (s) for extenaing 
oligonucleotide primers; 

e, at least one nucleotide «l|£J d d £°» ^ a£S? 

SSS» aM T p P "i« tne proviso t»at sa.d 
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claims i to „ ror Performinrr m 

to 8 o omprisi »i«g the method 

a reactor; y ° ne °f 



pending OIi 9°nucleotid„ • 

adding be-in* P r ^ er to *»,-i de P^er and 

g eing datively a f a d - reac tor agents *>r 

faction f c , parat ing ext-nn ^ Reactor; 

veJ -y associated °. 1 .-.™« i >ns 
a d ec e cto r fo, „ ee .. w -M the 

— n, tor sep£ a; ^ 



f 
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A screening method for detecting the presence of at least tvp 
different specific polynucleotide sequences In material having a 
plurality of different polynucleotide sequences comprising: 
exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one cf said different specific polynucleotide sequences when 
present In said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide primer(s); 

extending said different oligonucleotide primers bound to their 
different specific polynucleotide sequences wherein any extended 
primer Includes a detectable element and/or a separation element; 
separating any extended primers into a fraction wherein said fraction 
does not have detectable element not Included -in said extended 
primer(s) ; and 

determining whether any extended primers are present ir. said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of any one of said extended primers is indicative of the 
present of at least one cf the different specific polynucleotide 
sequences 1n said material and the absence of all of said extended 
jprimer(s) in said fraction is Indicative of the absence of all of the 
different specific polynucleotide sequences 1n said material. 

A screening method for detecting whether the same or different 
specific nucleotides or bases are at particular" positions 1n at least 
two different specific polynucleotide sequences 1h material having a 
plurality of different polynucleotide sequences comprising: 
exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different .specif 1 c 
polynucleotide sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present 1n said material 
each of said oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to that of the other primes) and 
wherein each of said primers binds to Its complementary specif 1c 
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b) 



c) 



d) 



44. 



a) 



b) 



polynucleotide sequence In said material immediately adjacent to the 
particular position; 

extending said different oligonucleotide primers bound to their 
complementary polynucleotide sequences with the proviso that each of 
the bound primers Is only extended up to and Including the particular 
position when said specific nucleotide or base Is at the particular 
position m the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a separation element 
at a position complementary to said specific nucleotide or base- 
separating any extended pr1mer(s) which has extended only up to 'a 
specific nucleotide or base at a particular position Into a fraction 
wherein said fraction does not have detectable element not Included 
in said extended primer; and 

determining whether at least one extended primer 1s present In said 
fraction by assaying said fraction for all of said extended primers 
wherein the present of an extended primer Indicates that at le>st one 
specific nucleotide or base is at a particular position in a specific 
Polynucleotide sequence and the absence of all said extended primers 
m said fraction indicates that at least one specific nud-otlH. or 
base 1s not at a particular position m any of the different specific 
polynucleotide sequences. 

A screening method for detecting whether the same or different 
specific nucleotides or bases are at particular positions In at least 
two different specific polynucleotide sequences in material having a 
Plurality of different polynucleotide sequences comprlslng- 
exposlng said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence not Immediately adjacent to the 
particular position whereby there Is an Intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present in said material each of said 
oligonucleotide primers binding to part of a different specific 
polynucleotide sequence to that of . the other primers- 
extending said different oligonucleotide primers bound'to their 



complementary polynucleotide sequences wherein each of the bound 
primers Is only extended up to and Including the particular position 
when said specific nucleotide or base Is at the particular position 
in the specific nucleotide sequence wherein each of said extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base with the 
proviso that the Intervening sequences cannot be ones where bases or 
nucleotides complementary to the Intervening sequences and which are 
incorporated Into the extended primer(s) cause Incorporation of 
interfering detectable and/or separation element(s); 
separating any extended primer which has extended only up to a 
specific nucleotide or base at a particular position into a fraction 
wherein said fraction does not have detectable element not included 
in said extended primers; and 

determining whether any extended primers are present in said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of an extended primer indicates that at least one 
specific nucleotide or base is at a particular position in a specific 
polynucleotide sequence and the absence of any extended primer 
Indicates that a specific nucleotide or base is not at a particular 
position in any of the different specific polynucleotide sequences. 
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